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acceleration with simultaneous broadband plasma wave data. One event was S found. Plasma waves in the frequency range for lower hybrid resonance (LHR) fu. lmwaves and in the frequency range for Doppler shifted 0h ion cyclotron waves modestly correlated with the perpendicular ion acceleration, although their electric field amplitudes were less than that assumed in present theories of 
I. INTRODUCTION
One of the major surprises in space plasma physics is that ions are commonly accelerated perpendicular to magnetic field lines to temperatures at least one hundred times larger than their initial temperatures. Experimental evidence for perpendicular ion acceleration (ion conics) has been accumulated from at least four magnetospheric satellites and two sounding rockets (Shelley et al., 1976; Sharp et al., 1977; Klumpar, 1979; Horwitz, 1980; Whalen et al., 1978 , Yau et al., 1982 . In contrast there exists scant evidence for the mechanism that produces perpendicular ion acceleration. The evidence that does exist suggests electrostatic (ES) ion cyclotron waves may be involved (Kintner et al., 1976; Yau et al., 1982) although this evidence is not conclusi ve.
In the absence of conclusive evidence for the source of perpendicular ion acceleration, a variety of theories have been developed to explain ion conic acceleration. These theoretical mechanisms fall into three categories:
acceleration by ES ion cyclotron waves (Palmadesso et al., 19714; Lysak et al., 1980; Papadopoulos et al., 1980; Dusenbery and Lyons, 1981; Singh, 1981;  Ashour- Okuda and Ashour-Abdalla, 1981) , acceleration by ES lower hybrid (LH) waves (Chang and Coppi, 1981) , and acceleration by narrow oblique potential jumps (Yang and Kan, 1983; Greenspan and Whipple, 1982) .
The free energy for either the ES plasma waves or potential jump must, of course, come from other sources such as field-aligned currents carried by either drifting thermal electrons or precipitating keV electrons. Those theories which employ ES waves to transfer energy imply the production of a specific type of ion conic. Namely,the accelerated ion distribution is formed nearly perpendicular to the magnetic field. After their initial acceleration the ions rise under the influence of the magnetic mirror force and form the more commonly observed ion conic with a folded (i.e., conical) distribution function. In this study we wish to identify ion acceleration regions so that simultaneous plasma wave and electric field data can be analyzed. If the perpendicular acceleration by ES waves hypothesis is correct, acceleration regions will correspond to ion distribution functions exhibiting perpendicular heating. Consequently we have exhaustively searched the particle data set from the S3-3 Aerospace ion detector for perpendicular acceleration regions with the constraint that there also exist simultaneous broad band wave data. Only one event was found, Rev 752, which we describe in this paper.
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II. REV 752 S3-3 was launched into an elliptical polar orbit with an apogee of 8000 km. The spacecraft and experiments have been described in detail elsewhere (Mozer et al., 1979) . The Aerospace electrostatic ion analyzer measured positively charged particles in 8 energy steps over the range 90 eV to 3.9
keV. The angular resolution of the detector was about 10-12 degrees. Since the spacecraft was spinning in a cartwheel mode the entire range of ion pitch angles was sampled every half spin period (-9 seconds). The Berkeley plasma wave data described here was measured using a 36 meter double probe antenna.
The analog broad band data was digitized after reception and has been reduced using standard digital signal analysis techniques.
-. If the correct ion is 0 + the scale values should be reduced by a factor of 4. Each line of equal density represents a step of 2.1 influx. 
B. DESCRIPTION OF THE PLASMA WAVE DATA
The plasma wave data are presented in Figure 5 where it has been divided into two panels for the purpose of examining high and low frequency waves separately. The sensor obtaining this data was the V12 double probe electric
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I700 18:00 19:00 TIME (UT) Fig. 4I . Source altitude estimated from the measured ion pitch angle as a function of time. Calculation of the source altitude assumes Perpendicular acceleration followed by * adiabatic motion. The two points labeled weak conics were suggested by examining phase space plots but were not definitive. antenna,which was 36 meters long and orthogonal to the S3-3 spin axis. Since the spacecraft was spinning in a cartwheel mode and since the spin axis was roughly perpendicular to the local magnetic field, the V12 antenna swept through magnetic aspect angles of 00 to 3600 every spin period. We will describe the data beginning with the lowest frequencies.
Broad After 10:18:40 UT the ion density inferred from the ion cup dropped below 10/cm 3 .
Bursts of high frequency broadband waves occurred above the LHR frequency at 10:17:47 UT and at 10:18:00 UT. The latter event was quite intense and a saucer also appeared to be centered at 10:18:05 UT. The level of high frequency noise (f > fLHR) was generally more intense with some of the noise exhibiting dispersion characteristics of saucers.
To view the plasma wave data more quantitatively, it was filtered into three frequency ranges: 40-500 Hz to measure low frequency turbulence and ES ion cyclotron waves, 800-1200 Hz to measure the LHR emissions, and 2000-5000
Hz to measure the high frequency turbulence (Figure 6 ). For this plot we have chosen the V34 antenna,which had less gain than the V12 antenna. The lower gain antenna was less susceptible to saturation by large-amplitude fields and 
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The high frequency wave amplitude (2 kHz -5 kHz) also increased by two ,-orders of magnitude between 10:17:40 UT and 10:18:40 UT. The peak value at 18:00:02 UT was about 30 mV/m (RMS) over the frequency range 3 kHz to 10 kHz although a more typical value was 1 -2 mV/m. In summary, the wave amplitude in all three frequency ranges increased In amplitude during the period of perpendicular ion heating.
C. IDENTIFICATION OF WAVE MODES
In the absence of severe Doppler broadening the ES ion cyclotron modes can be identified from their discrete frequency spectra. The H and 0+ cyclotron frequencies were 320 Hz and 20 Hz, respectively. The ES ion cyclotron phase velocity should be the order of three to five times the ion thermal velocity (Vp2k-(w,)2 + C2).
For 3000 -K plasma the H* thermal velocity is veooty(ph 2 30k 5K
1.26 km/sec while the 0+ thermal velocity is .32 km/sec.
The spacecraft velocity was about 7 km/sec. The electrostatic hydrogen cyclotron wave would have been broadened but not beyond recognition. If the ESHC waves existed in any sense similar to previous observations (Kintner et al., 1978) , they should have been observable in this data. We conclude that no ES hydrogen cyclotron waves existed during the period of perpendicular ion heating. It is oonceivable that oxygen cyclotron waves were Doppler broadened beyond recognition.
The wave data were carefully examined for structures with a characteristic frequency of 20 Hz and none were found. If they were Doppler broadened they may have accounted for the low frequency turbulence up to 400 Hz. Unfortunately, Doppler shifted zero-frequency turbulence (Temerin, 1978) could also have accounted for the observed low frequency power. Zero-frequency turbulence is know to be the most common auroral zone feature in this frequency range. If all observed power below 500 Hz is interpreted as being produced by 0+ cyclotron waves, an upper limit on the average 0+ wave amplitude during perpendicular Ion heating was 4-9 mV/m (RMS).
Waves near the lower hybrid frequency can exist in at least two different modes. The first mode is the long wavelength electromagnetic wave. As the electromagnetic mode approaches resonance, the ratio E/B increases rapidly and, although the Poynting vector remains unchanged, the electric field amplitude increases which gives a quasi-electrostatic character to the wave. The second mode is mostly electrostatic. This is one of the modes predicted to be produced by precipitating electrons and to heat ions perpendicular to the magnetic field (Chang and Coppi, 1981 (James, 1976 ).
In conclusion, it is possible that oxygen cyclotron waves or electrostatic LHR waves existed during the period of perpendicular ion heating. The spectral evidence for the LHR waves is stronger but the existence of 0+ cyclotron 'p] waves cannot be dismissed. No evidence existed for the presence of the ES hydrogen cyclotron waves. At higher frequencies the data suggests the existence of either an electrostatic LH mode or an electromagnetic saucer. implies an acceleration on the order of 400 times or more of the initial ion energy. Lysak et al. (1980) , by not making the random phase approximation, predict ion conic energies of 400 eV but this theory requires ion cyclotron waves with electric field amplitudes of 100 mV/m. In this case the observed low frequency wave amplitude, if interpreted as being produced by 0 + cyclotron waves, is also too small. For LHR wave acceleration mechanisms, Chang and Coppi (1981) assume an amplitude of 50 mV/m compared to the observed value of 0.2 -6.0 mV/m. If their theory is extended to include the frequencies above the LHR resonance, the peak observed amplitude is unchanged except near 18:18:02, where it briefly reache 30 mV/m (rms). In general, the observed electric field amplitudes appear to be too small to satisfy these theories.
We can think of two explanations for the weak signal amplitude between 40 * Hz and 500 Hz. First, it is possible that the 0 + cyclotron wave phase velocity is much larger than the spacecraft velocity and no Doppler shifting occurred. However, this implies that the 0 + temperature should be the order of 100 eV, which does not seem likely. Second, it is possible that the 0 cyciotron wavelength was small compared to the electric antenna length (37 m). However, the 0 gyroradius was 12 meters, assuming an ion temperature of 3000 0 K, which implies a wavelength of about 80 meters (kpi -1).
Further, we examined the V56 antenna, whose length was 6 meters, and calculated signal amplitudes between 40 Hz and 500 Hz that were consistent with the longer antennas. The shorter V56 antenna also measured amplitudes at the LHR frequency that were consistent with the longer antennas.
Thus far we have not discussed the source of free energy for perpendicular ion heating. Since virtually every theory uses some form of field-aligned electron motion, we have examined the electron spectrometer and the magnetometer for evidence of field-aligned current. The electron spectrometer measured the energetic electron distribution > 170 eV) while the S3-3 magnetometer measured the overall field-aligned current produced both by drifting thermal electrons and energetic electrons. The current inferred from both measurements is shown in Figure 7 .
We define field-aligned as positive in the same direction as the local magnetic field (downward). The precipitating electrons carried an upward (negative) current over the region of interest while the integrated current. from magnetometer from electrons >170eV Fig. 7 . Field-aligned current measured by the electron spectrometer and by the magnetometer. The cold electron current density (Ee < 170 eV) is estimated by subtracting the electron spectrometer measurement from the magnetometer measurement.
?,rrent measured by the electron spectrometer from that measured by the magnetometer. The result is labeled in Figure 7 as "inferred cold electron -urrent density." It is very large and correlates very well with the presence 3f ion conics. Of all the physical parameters examined the inferred cold electron current density correlated best with the presence of perpendicular ion heating.
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If the inferred cold electron current density was produced by drift in the entire thermal electron population, we can estimate the drift speed. The electron density is known from the LHR frequency to be about 400/cm 3 . This implies that the thermal electron drift velocity was 7.8 x 103 m/sec for J =
.5 Liamp/m 2 . The electron thermal velocity for a temperature of 3000 0 K is about 3.2 x 105 m/sec, and consequently, the ratio of the drift velocity to the thermal velocity is small, about 2.4 x 10 -2 . If the electron and ion temperatures are equal, this field aligned current is stable (Kindel and Kennel, 1971) . For instability in an O + plasma, the velocity ratio should % exceed 1 x 10-1; an H + plasma is even more stable. The modest increase in plasma wave activity during this period was probably not produced by a drifting thermal electron population, and we suspect that other nonthermal features of the plasma distribution function were responsible for the plasma waves.
Using the hypothesis the ion conics are produced by perpendicular ion acceleration, we searched the S3-3 data for examples of ion distribution functions peaked in the perpendicular direction which coincided with the existence of broadband plasma wave data. One example was found.
During the period of perpendicular ion acceleration the plasma wave data were examined closely. Plasma waves were identified at the LHR frequency and above the LHR frequency although we were unable to distinguish electromagnetic The source of free energy for the ion acceleration was examined by using the energetic electron spectrometer and the magnetometer. The physical parameter that correlated best with perpendicular ion acceleration was the fieldaligned current carried by electrons with energies less than 170 eV. A current of .5 Vamp/m 2 was estimated which implied thermal electron drift velocities equal to 2.4 x 10 -2 of the electron thermal velocity. This drift velocity is stable to electrostatic ion cyclotron waves.
It is perhaps somewhat risky to generalize from the results of one
V.
event.
Yet this is the only event in the entire S3-3 set where perpendicular physics, compound semiconductors, radiation hardening; electro-optics, quantum electronics, solid-state lasers, optical propagation and communications; microwave semiconductor devices, microwave/millimeter wave measurements, diagnostics and radiometry, microwave/millimeter wave thermionic devices; atomic time and frequency standards; antennas, rf systems, electromagnetic propagation phenomena, space communication systems.
Materials Sciences Laboratory: Development of new materials: metals,
A,, alloys, ceramics, polymers and their composites, and new forms of carbon; nondestructive evaluation, component failure analysis and reliability; fracture mechanics and stress corrosion; analysis and evaluation of materials at cryogenic and elevated temperatures as well as in space and enemy-induced environments.
Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray physics, wave-particle interactions, magnetospheric plasma waves; atmospheric d' "" and ionospheric physics, density and composition of the upper atmosphere, .. remote sensing using atmospheric radiation; solar physics, infrared astronomy, -infrared signature analysis; effects of solar activity, magnetic storms and nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; effects of electromagnetic and particulate radiations on space systems; space instrumentation.
